Carbon negative platform chemicals from waste using enhanced geothermal systems by Ghayur, Adeel & Verheyen, Vincent




This is the published version of the following article: 
Ghayur, A., Verheyen, V. (2018) Carbon negative platform chemicals from waste using 
enhanced geothermal systems. 14th Greenhouse Gas Control Technologies Conference 
(GHGT-14); Melbourne, Australia; 21st-25th October 2018, pp. 1-8. 
Copyright © 2018. 
This is the published version of the work.  It is posted here with the permission of the publisher for your 
personal use.  No further use or distribution is permitted. 
CRICOS 00103D RTO 4909  
 14th International Conference on Greenhouse Gas Control Technologies, GHGT-14 
21st -25th October 2018, Melbourne, Australia 
Carbon negative platform chemicals from waste using enhanced 
geothermal systems 
Adeel Ghayur,a* T. Vincent Verheyena 
aCarbon Technology Research Centre, Federation University Australia, Churchill, Vic-3842, Australia 
Abstract 
Australia has ample geothermal resource, however, it is of low-grade heat and requires Enhanced Geothermal Systems (EGS). 
Integrating heat recovered via EGS into a lignocellulosic biorefinery opens the avenue for countless opportunities in biomass to 
products industries. In this study, a biorefinery is modelled that uses heat from a supercritical CO2 (scCO2) based EGS to convert 
waste biomass into platform chemicals. Additionally, CO2 is consumed by the microbes during the production of these chemicals. 
Simulation shows 60 t/h of scCO2 at 75 atm pressure and 120 °C is able to fulfil 438.23 kW/h of heat demand of the biorefinery. 
Overall, the biorefinery consumes 416.67 kg/h of biomass and 191 kg/h of CO2 to produce 113 kg/h of succinic acid and 50 kg/h 
of acetic acid. 
Keywords: geothermal; EGS; biorefinery; renewable energy; CO2 utilisation 
1. Introduction 
Australia has ample geothermal resources, however, easily accessible sites are typically of low-grade and requires 
Enhanced Geothermal Systems (EGS). In typical geothermal resources the working fluid (ground water or steam) is 
extracted from thermal reservoir carrying its heat to the surface for utilisation. In EGS the working fluid needs to be 
pumped into the underground Hot Dry Rock (HDR) to exploit the stored thermal energy in the hot impervious/low 
porosity crystalline rocks. EGS has been under investigation since the 1970s when a prototype was designed and 
implemented by the Los Alamos National Laboratory [12]. Supercritical CO2 (scCO2) is one of the EGS working 
fluids under investigation [4, 9, 10, 11, 16] ever since its proposal in 2000 [2]. Recently, utilisation of scCO2 as a 
working fluid in depleted oil and gas reservoirs has been investigated [8, 17]. Coupling of EGS with CO2 sequestration 
has been proposed [7, 9, 11, 14, 17]. scCO2 is considered superior to water as an EGS working fluid primarily because 
it has [2, 15]: (1) large compressibility and expandability (density difference between cold and hot scCO2), which can 
lead to creation of a natural thermosiphon, wherein CO2 circulates without the need for external pumping; (2) lower 
viscosity; (3) reduced chemical interaction with rock minerals; and (4) suitability for reservoirs having temperatures 
in excess of 374°C (the critical temperature for water) without the problems associated with silica dissolution in water-
based systems, potentially providing increased thermodynamic efficiency. 
The Otway and Gippsland Basins of Victoria, Australia have a number of HDR sites where temperature ranges 
between 120 °C and 160 °C at depths between 2,500 and 4,000 metres. Modest by power generation standards, this 
temperature range is well suited to fulfil the parasitic energy demand of a biorefinery. The concept of fulfilling a 
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biorefinery’s parasitic energy demand via geothermal energy has been under investigation for a few decades now [1, 
3, 13]. In this perspective, the aim of this study was to investigate the requirements of a scCO2 based EGS fulfilling 
the energy requirements of a biorefinery situated in the Latrobe Valley of Gippsland. A biorefinery model producing 
succinic and acetic acids was selected as it provided the opportunity to consume CO2 during its biological processes. 
2. Methods and Materials 
Simulation was developed and carried out in gPRPOMS (General Process Modeling System) from Process Systems 
Enterprise Ltd. [5]. gPROMS allows users to specify the model via process flow-sheeting and carryout mass-energy 
calculations. The physical properties of the components are obtained from its library. The simulation is done as zero-
dimensional energy model. Technical model of the facility was developed using laboratory data and is described 
below. 
2.1. Facility Process Description 
Heated scCO2 is extracted from the reservoir at 120 °C. It is then used to fulfil the heat duties of the biorefinery and 
pumped back into the reservoir, thus allowing for a closed-loop operation. The biorefinery facility has three sections, 
namely: Pretreatment Area; Succinic Acid Fermentation Area; and Acetic Acid Fermentation Area. The Pretreatment 
Area cleans, mills and then fractionates biomass feedstock into cellulose, hemicellulose and lignin using scCO2 as a 
solvent. Separated cellulose is sent for succinic acid fermentation (7C6H12O6 + 6CO2 → 12C4H6O4 + 6H2O). 
Hemicellulose is fermented into acetic acid (2C5H10O5 + H2O → 5C2H4O2 + H2O). In both fermentations CO2 is added 
to the fermenters and incorporated into the acids to achieve the desired yields. This addition of CO2 makes the 
generated chemicals carbon-negative. Nearly 38% of the generated acetic acid is consumed for the production of 
Dimethyl Ether (DME) in a two-step process. In the first step, methanol is reacted with the aqueous acetic acid in a 
reactive distillation process (C2H4O2 + CH4O → C3H6O2 + H2O) generating methyl acetate and water. In the second 
step, methyl acetate reacts with methanol to produce DME and acetic acid (C3H6O2 + CH4O → C2H6O + C2H4O2). 
 
Fig. 1. Biorefinery Facility. 
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3. Results and Discussion 
In the simulation a facility consuming 10 metric tonnes per day (t/d) of sawdust waste was modelled. Biorefinery’s 
consumption and production rates are presented in the following table (1). 
      Table 1. Hourly production and consumption rates. 
Feedstock/Product Rate 
Biomass 416.7 kg 
CO2 191 kg 
Methanol 66 kg 
Succinic Acid 113 kg 
Acetic Acid 50 kg 
DME 38.5 kg 
 
Biorefinery’s heat duty stands at 438.23 kW/h. Simulation results show 60 t/h of scCO2 at 75 atm pressure and 120 
°C is able to meet this heat demand. A breakdown of this head duty is provided in the following table (2). The 
biorefinery also consumes 159 kWh of electricity per hour. 38.5 kg/h of DME is enough to generate 143 KWh of 
electricity via 50% efficient power generation systems. 
     Table 2. Biorefinery’s main heat demand. 
Process Temperature (°C) Heat Duty (kW) 
Succinic Acid Heater 115 98.27 
Reactive Distillation 2 113 19.43 
scCO2 Fractionation 90 108.37 
De-Lignification 85 188.08 
Reactive Distillation 1 60 24.08 
Total  438.23 
 
Simulation results demonstrate that a scCO2 based EGS with the flowrate of 60 t/h has the capacity to fulfil the heat 
duties of a small biorefinery. This flowrate is small enough to be fulfilled by a single bore well. In comparison a 30 
MWe scCO2 based EGS power plant requires a flowrate of 2,555 t/h [6]. Thus, it may be feasible to envision a larger 
1,000 t/d biorefinery meeting its total heat demand from a single reservoir using scCO2 as a working fluid.  
4. Conclusion 
In this study a lignocellulosic biorefinery utilising heat from an EGS was simulated. scCO2 was used as the working 
fluid and the biorefinery produced succinic and acetic acids. Simulation showed 416.7 kg/h of biomass required 60 t/h 
of scCO2 at 120 °C to fulfil 438.23 kW/h of heat duty. The result is promising enough to merit further investigation 
into the potential of scCO2 based EGS fulfilling the heat demand of a large biorefinery in the Latrobe Valley of 
Australia. 
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